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(m) Process for preparing beta-lactam derivative and synthetic intermediate thereof. 

(57) Disclosed is a process for preparing a p-lactam compound represented by the formula : 



' v X 



(I) 



C0 2 R 

wherein R 1 represents a hydroxy-substituted lower alkyl group or an amino group each of which may be 
protected ; R 2 represents a hydrogen atom or an ester residue ; X represents a methylene group which 
may be substituted by a lower alkyl group, a sulfur atom or a group represented by the formula : -A-CH 2 - 
where A represents a sulfur atom, an oxygen atom or a methylene group ; and Y is either a W which 
represents an active ester residue of a hydroxyl group, or a R 4 which is an organic group, 
or a salt thereof, which comprises the steps of treating a corresponding 1-aza-3-thia-bicycloalkane 
compound represented by the formula : 



CO 
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or a salt thereof with a base in the presence of a desulfurizing agent and then reacting the resulting 
compound with an active esterifying agent of hydroxyl group and, if appropriate, further treating the 
3-lactam compound obtained with a R*-SH compound. 
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BACKGROUND OF THE INVENTION 

This invention relates to a novel process for preparing a p- lactam derivative useful as a synthetic inter- 
mediate of a p-lactam type antibacterial agent having an antibacterial activity, and relates to a synthetic inter- 
5 mediate of said p-lactam derivative. 

As a p-lactam type antibacterial agent, there have been known various compounds including a penem or 
carbapenem series compound such as thienamycin and imipenem, and a cephem, carbacephem or oxace- 
phem series compound such as cephalexin. 

As to processes for synthesizing these compounds, there have been known, for example, a process which 
10 proceeds through an intermediate having diphenylphosphoryloxy group at 2- position of a carbapenem skeleton 
described in Japanese Provisional Patent Publication No. 123182/1982 as a process for synthesizing a car- 
bapenem (or penem) series compound, a process which proceeds through an intermediate having met nan e- 
sulfonyloxy group at 3- position of a cephem skeleton described in Japanese Provisional Patent Publication No. 
21685/1992 as a process for synthesizing a cephem series compound, and others. However, the conventional 
15 processes have problems to be cancelled such as many operation steps and complicated reaction operations. 
Thus, it has been demanded to develop a process which can prepare a desired antibacterial agent more effi- 
ciently. 

SUMMARY OF THE INVENTION 

20 

An object of the present invention is to provide a novel process for preparing a p-tactam derivative useful 
as a synthetic intermediate of a p-lactam type antibacterial agent and a novel process for preparing a p-lactam 
type antibacterial agent using said derivative. 

That is, the present invention relates to a novel process for preparing a p-lactam derivative represented 
25 by the following formula (I): 




35 wherein R 1 represents a hydroxy-substituted lower alkyl group which may be protected or an amino 

group which may be protected; R 2 represents hydrogen atom or an ester residue; X represents methylene 
group, a methylene group substituted by a lower alkyl group, sulfur atom or a group represented by the formula; 
-A-CH 2 - where A represents sulfur atom, oxygen atom or methylene group; and W represents an active ester 
residue of hydroxy! group, 

40 which comprises treating a 1-aza-3-thia-bicycIoalkane compound represented by the formula (II); 



45 




(ID 



50 wherein the symbols have the same meanings as defined above, 

or a salt thereof with a base in the presence of a desulfurizing agent and then reacting the resulting compound 
with an active esterifying agent of hydroxyl group. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

55 ~ ~ ~ " ~ " ^ 

In the following, the present invention is explained in detail. 

In the above compound (I), as a specific example of the group R 1 , there may be mentioned a hydroxy- 
substituted alkyl group having 1 to 6 carbon atoms which may be protected or an amino group which may be 
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protected. 

The group X is methylene group, a methylene group substituted by a lower alkyl group such as methyl 
group and ethyl group, sulfur atom or a group represented by the formula: -A-CH 2 - where A represents sulfur 
atom, oxygen atom or methylene group. When the group R 1 is a hydroxy-substituted lower alkyl group which 

5 may be protected, X is particularly preferably a methylene group which may be substituted by a lower alkyl 
group or sulfur atom. When the group R 1 is an amino group which may be protected, the group X is particularly 
preferably a group represented by the formula: -S-CH 2 - f -O-CH2- or -CH 2 CH 2 -. 

In the above compound (I), the active ester residue of hydroxyl group represented by W may include, for 
example, a di-lower alkyl phosphoryl group ordiarylphosphoryl group represented by the formula: -P(O){OR 0 )2 

10 (wherein R° represents a lower alkyl group or an aryl group); a substituted or unsubstituted lower alkyl sulfonyl 
group such as methanesulfonyl group and trifluoromethanesulfonyl group; and a substituted or unsubstituted 
phenylsulfonyl group such as benzenesulfonyl group and p-methoxybenzenesulfonyl group. 

When the group R 1 of the above compound (I) is a protected hydroxy-substituted lower alkyl group or a 
protected amino group, as a protective group for hydroxy group and amino group, there may be used any group 

15 which can be removed easily by a conventional method such as hydrolysis, acidic treatment and reduction. As 
such a protective group for hydroxy group, there may be mentioned, for example, a lower alkoxycarbonyl group, 
a halogeno lower alkoxycarbonyl group, a substituted or unsubstituted phenyl lower alkyl group (e.g. a benzyl 
group which may be substituted by nitro group or a lower alkoxy group), a tri- lower alkylsilyl group, and a sub- 
stituted or unsubstituted phenyl lower alkoxycarbonyl group (e.g. a benzyloxycarbonyl group which may be sub- 

20 stituted by nitro group or a lower alkoxy group). 

On the other hand, as a protective group for amino group, there may be mentioned a lower alkanoyl group, 
a lower alkoxycarbonyl group, benzoyl group, benzenesulfonyl group, a phenyl lower alkoxycarbonyl group, a 
tri-lower alkylsilyl group and trityl group. 

As an example of the ester residue represented by R 2 , there may be mentioned an ester residue which is 

25 metabolized and hydrolyzed in a living body or an ester residue which can be a protective group for carboxyl 
group. 

The ester residue metabolized and hydrolyzed in a living body may include, for example, a group repre- 
sented by the formula: -Q-OCOR, -Q-OC0 2 R or -Q-O-R (wherein Q represents a lower alkylene group, and 
R represents a lower alkyl group, a cycloalkyl group, a lower aikenoyl group, a lower alkoxy lower alkyl group 
30 or a lower alkanoyloxy lower alkyl group). 

On the other hand, the ester residue which can be a protective group for carboxyl group may include, for 
example, a lower alkyl group, a lower alkenyl group, a halogeno lower alkyl group, a nitrobenzyi group and a 
lower alkoxybenzhydryl group. 

In the above reaction, the compound (II) may be used in the form of a salt, and as a specific example of 
35 such a salt, there may be mentioned an alkali metal salt such as a sodium salt or a quaternary ammonium 
salt. 

According to the present invention, the 1-aza-3-thia-bicycloalkane compound (II) can be treated with a 
base in the presence of a desulfurizing agent in a suitable solvent. The base may include, for example, an alkali 
metal alkoxide such as potassium tert-butoxide, an alkali metal amide such as lithium diisopropylamide, tri- 
40 lower alkylamine such as triethylamine, and an aromatic amine such as pyridine. As the desulfurizing agent, 
there may be mentioned, for example, a triarylphosphine such as triphenylphosphine, a tri(lower alkyl) phos- 
phite such as triethyl phosphite, a trilower alkylphosphine such as triethylphosphine, tris(dilower alkylami- 
no)phosphite and bis(di-lower alkylaminolower alkyl)phosphite. As the solvent, there may be mentioned, for 
example, toluene, benzene, tetrahydrofuran, diethyl ether, acetonitrile, methylene chloride, chloroform, dime- 
45 thylformamide and dimethylsulfoxide. The present reaction is preferably carried under cooling to at room tem- 
perature, particularly preferably -40 °C to 0 °C. 

If necessary, in order to make the present reaction as mentioned above proceed more efficiently, a lithium 
salt such as lithium bromide and lithium perchlorate may be added to the reaction mixture. 

The compound obtained by the treatment with a base in the presence of a desulfurizing agent as mentioned 
so above is considered to have the following structure. 
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wherein the symbols have the same meanings as defined above. 
The above resulting compound and an active esterifying agent of hydroxyl group may be reacted in a suit- 
able solvent. As the active esterifying agent of hydroxyl group, there may be mentioned, for example, a reactive 
derivative (e.g. a corresponding acid halide and a corresponding acid anhydride) of a phosphoric acid or sulfonic 
5 acid compound including a diaryl phosphate such as diphenyi phosphate; a di-lower alkyl phosphate such as diethyl 
phosphate; a substituted or unsubstituted lower alkanesulfonic acid such as methanesuffonic acid and trrf luorome- 
thanesulfonic acid; and a substituted or unsubstituted benzenesulfonic acid such as benzenesulfonic acid and p- 
methoxybenzenesulfonic acid. As the solvent, there may be used, for example, ethyl acetate and dioxane in addition 
to the exemplary solvents to be used for the base treatment of the compound (II). The present reaction is preferably 
10 carried out under cooling to at room temperature, particularly preferably -40 °C to 0 °C. 

The p-lactam compound (I) thus obtained can be suitably converted into a desired carbapenem (or penem) 
type antibacterial agent or cephem type antibacterial agent. 

For example, the p-lactam compound (I) can be converted into a p-lactam derivative represented by the 
formula (IV): 

15 



20 




(IV) 



wherein R 4 represents an organic group; and R 1 , R 2 and 
25 X have the same meanings as defined above, 

by subjecting the compound (I) and a me reap tan compound represented by the formula (III): 

R 4 -SH (III) 

wherein R 4 has the same meaning as defined above, or a salt thereof to condensation reaction. 
In the mercaptan compound (III) to be used in the above reaction, as an example of the organic group 

30 represented by R 4 , there may be used any group used in a conventionally known carbapenem (or penem) type 
antibacterial agent or cephem type antibacterial agent. As a specific example of such an organic group, there 
may be mentioned, for example, a lower alkyl group such as methyl and ethyl; a cycloalkyl group such as cy- 
clohexyl group; a 6- to 8-membered aryl group such as phenyl group; a 4- to 8-membered aliphatic heterocyclic 
group such as pyrrolidinyl group; and a 4- to 8-membered aromatic heterocyclic group such as pyridyl group 

35 and thiazolyl group. Further, these groups may have one or more substituent(s), and as such a substituent, 
there may be mentioned, for example, a lower alkyl group; hydroxyl group; a lower alkoxy group; a mono- or 
di-lower alkylamino group; mercapto group; a lower alkylthio group; amidino group, guanidino group; carbamoyl 
group; thiocarbamoyl group; sulfamoyl group; cyano group; carboxyl group; a lower alkoxycarbonyl group; an 
aralkyloxycarbonyl group; oxo group; a halogeno group; a cycloalkyl group having 3 to 8 carbon atoms such 

40 as cyclohexyl group; a 6- to 8-membered aryl group such as phenyl group; a 4- to 8-membered aliphatic het- 
erocyclic group such as pyrrolidinyl group; and a 4- to 8-membered aromatic heterocyclic group such as pyridyl 
group and thiazolyl group. 

Further, as the mercaptan compound (III), there may be suitably used, in addition to the compound as 
described above, a compound represented by the formula (lll-a) described in Japanese Provisional Patent Pub- 
45 lication No. 279588/1992 filed by the present applicant: 



50 




(III-a) 



wherein R 5 represents hydrogen atom, a lower alkyl group, a lower alkoxy-lower alkyl group or a di-lower 
alkylamino lower alkyl group. 

55 The above mercaptan compound (III) may be also used in the form of a salt, and as a specific example 

of such a salt, there may be mentioned an alkali metal salt and a tri-lower alkyl ammonium salt. 

The condensation reaction of the compound (I) and the compound (III) may be carried out in a suitable 
solvent (e.g. toluene, benzene, acetonitrile, tetrahydrofuran, diethyl ether and ethyl acetate) in the presence 
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or absence of a base (e.g. a tri-lower alkylamine and a 4-di-lower alkylaminopyridine). 

In the compound (IV) thus obtained, when the group R 1 is a protected hydroxy-substituted lower alkyl group 
or a protected amino group, and/or when the group R 2 is an ester residue, the protective group and/or ester 
residue may be removed, if desired, to obtain a compound represented by the formula (IV-a): 




(IV-a) 



C0 2 H 



wherein R 11 represents a hydroxy-substituted lower alkyl group or amino group; and other symbols have 
the same meanings as defined above, 

or a salt thereof. The protective group or ester residue may be removed according to a conventional method. 

Further, the above compound (IV) in which R 2 is hydrogen atom or a salt thereof may be esterif led by a 
conventional method to form a compound represented by the formula (IV-b): 




(IV-b) 



wherein R 21 represents an ester residue; and other symbols have the same meanings as defined above. 

Among the compounds (IV) described above, a compound in which the group R 1 is a hydroxy-substituted 
lower alkyl group which may be protected, and X is a methylene group which may be substituted by methyl 
group, or sulfur atom is a compound useful as a carbapenem (or penem) type antibacterial agent. 

On the other hand, a compound in which the group R 1 is an amino group which may be protected, and X 
is a group represented by the formula: -A-CH 2 - where A represents sulfur atom, oxygen atom or methylene 
group is a compound useful as a synthetic intermediate of a cephem, oxacephem or carbacephem type anti- 
bacterial agent, and said compound can be converted into a desired cephem type antibacterial agent according 
to, for example, the method described in Japanese Provisional Patent Publication No. 21685/1992. 

Among the compounds (IV) described above, a 1-methylcarbapenem derivative represented by the for- 
mula (IV-c): 



OR 6 

I CH 3 




(IV-C) 



wherein R e represents hydrogen atom or a protective group for hydroxyl group; and other symbols have 
the same meanings as defined above, 

which can be obtained by subjecting the compound (I) in which R 1 is a 1-hydroxyethyl group which may be 
protected and X is ethyl idene group and the above mercaptan compound (lll-a) to condensation reaction is a 
compound exhibiting various excellent characteristics such as excellent antibacterial activities to various mi- 
croorganisms including gram- negative bacteria and gram-positive bacteria and high stability to dehydropepti- 
dase I. 

In the above process of the present invention, in the starting compound (II), an optical isomer based on 
an asymmetric carbon atom thereof may exist And, when an optically active compound (II) is used as a starting 
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material, a reaction can proceed while maintaining a stereo-structure to convert the compound (II) into the com- 
pound (I) and the compound (IV) without epimerization. 

Further, in the reaction of converting the starting compound (II) into the compound (I) and in the subse- 
quent reaction of converting the compound (I) into the compound (IV), the compound (I) can be isolated easily 
by a conventional method, but it is also possible to convert the compound (II) into the compound (IV) in the 
same reactor without isolation. 

The starting compound (II) in the present invention is a novel compound, and said compound (II) can be 
prepared by, for example, 

(A) reacting an azetidinone compound represented by the formula (V): 



15 




wherein Z represents a protective group for thiol group; and other symbols have the same meanings 
as defined above, 

with a glyoxylate represented by the formula (VI): 

HOCC0 2 R2 (vi) 

wherein R 2 has the same meaning as defined above, in a suitable solvent (e.g. benzene, chloroform 
and acetonitrile) under heating, or 

(B) reacting the compound (V) with a halogenoglyoxylate represented by the formula (VII): 

Y20CC0 2 R 2 (VII) 
wherein Y 2 represents a halogen atom; and R 2 has the same meaning as defined above, 
in a suitable solvent (e.g. dichloromethane, tetrahydrofuran, acetonitrile and chloroform) in the presence of a 
base (e.g. 2,6-lutidine and pyridine), then reducing the resulting compound to obtain a compound represented 
by the formula (VIII): 



35 




(VIII) 



wherein the symbols have the same meanings as defined above, 
40 treating said compound (VIII) with a halogenating agent (e.g. thionyl chloride, thionyl bromide, phosphorus tri- 
bromide, phosphorus trichloride and methanesulfonyl chloride) in a suitable solvent (e.g. tetrahydrofuran, 
chloroform, benzene, acetonitrile and dichloromethane) in the presence or absence of a base (e.g. pyridine, 
triethylamine and dimethylaniline) to obtain a compound represented by the formula (IX): 




(IX) 



wherein Y 3 represents a halogen atom; and other 

symbols have the same meanings as defined above, and further treating said compound (IX) with a 
55 base (e.g. a trMower alkylamine such as triethylamine, an alkali metal alkoxide such as sodium methoxide and 
an alkali metal amide) in a suitable solvent (e.g. dimethylformamide, dimethylsulfoxide, acetonitrile, tetrahy- 
drofuran, ethyl ether and ethyl acetate) to effect cyclization. 

The protective group (Z) for thiol group can be removed in the cyclization reaction by treating the compound 

6 
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(IX) with a base, and as a specific example of such a protective group Z, there may be mentioned, for example, 
a2,2-bis-(loweralkoxycarbonyl)ethyl group, 2,2-dicyanoetrryi group, a 2-loweralkoxycarbonylethyl group and 
2-cyanoethyl group. 

Further, the above starting compound (V) can be prepared according to a conventional method, for ex- 
5 ample, by reacting an azetidinoncarboxylic acid compound represented by the formula (X): 




15 wherein the symbols have the same meanings as defined above, 

with a compound represented by the formula (XI): 

HS-Z (XI) 

wherein Z has the same meaning as defined above, in a suitable solvent (e.g. acetonitrile) in the pres- 
ence of a condensing agent (e.g. carbonyld {imidazole and dicyclohexylcarbodiimide), or reacting an acetoxya- 
20 zetidine compound represented by the formula (Xll): 




wherein Ac represents acetyl group; and R 1 has the same meaning as defined above, 
30 with a compound represented by the formula (XIII): 

M-X'-COSZ (XIII) 

wherein M represents hydrogen atom, sodium atom or lithium atom; X 1 represents a formula: -S-CIV, 
-0-CH 2 - or-CH 2 CH 2 -; and Z has the same meaning as defined above. 

In the present specification and claims, the lower alky] group, lower alkylene group and lower alkoxy group 
35 preferably have 1 to 6 carbon atoms, the lower alkanoyl group and lower alkenyl group preferably have 2 to 8 
carbon atoms, and further the lower alkenoyl group and cycloalkyl group preferably have 3 to 8 carbon atoms, 
respectively. 

EXAMPLES 

40 

The present invention is described in detail by referring to Examples, but the scope of the invention is not 
limited by these Examples. 

Example 1 

45 

(1) In 500 ml of acetonitrile was suspended 26.7 g of (3S,4S)-3-[(R)-1-tert-butyldimethylsilyloxyethyl)-4- 
[(1R)-1-carboxyethyl)-2-azetidinone, 14.6 g of carbonyldiimidazole was added thereto, and the mixture 
was stirred at room temperature for 30 minutes. To the reaction mixture was added 20.3 g of diethyl mer- 
captomethylmalonate, and the mixture was stirred at room temperature for 20 minutes. The solvent was 

so removed from the reaction mixture under reduced pressure. After 500 ml of diethyl ether was added to 

the residue and the mixture was washed and dried, the solvent was removed under reduced pressure. 
The residue was purified by silica gel column chromatography (solvent; ethyl acetate: n-hexane = 1:3) to 
obtain 33 g of (3S,4S)-3-[(R)-1-tert-butyldimethylsilyloxyethyl]-4-[(1 R)-1-{2.2-bis(ethoxycarbonyl)ethylth- 
iocarbonyl}ethyl]-2-azetidinone. 

55 IR (KBr) crrr 1 : 3080, 1765, 1735, 1690. 

Mass (m/z): 432 (M + -57). 

NMR (CDCI 3 ) 6: 0.07 (s, 6H), 1.15 (d, 3H. J=6.2Hz). 1.24 (d, 3H, J=6.8Hz), 1.28 (t, 3H, J=7.0Hz), 2.8 to 
3.0 (m, 1H), 3.34 (d, 1H, J=2.4Hz), 3.38 (d, 1H, J=2.4Hz), 3.8 to 3.9 (m, 1H), 4.2 to 4.3 (m, 5H), 5.62 (br 
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s, 1H). 

(2) In 10 ml of benzene were dissolved 1 g of the product obtained above and 0.76 g of ethyl glyoxytate, 
and the mixture was ref luxed by heating for 2 hours in a reactor equipped with a cooling tube charged with 
1 0 g of Molecular Sieve 4A (trade name, produced by Nacalai tesque INC.). After the reaction mixture was 

5 diluted with ethyl acetate, washed and dried, the solvent was removed. The residue was purified by silica 

gel column chromatography (solvent; ethyl acetate :n-hexane = 1 :3) to obtain 1 .0 g of (3S t 4S)-3-[(R)-1-tert- 

butyldimethylsi!y1oxyethyl]-4-[(1RM 
ethoxycarbony1methyl)-2-azetidinone. 
IR (film) cm- 1 : 3450, 1770, 1748, 1690. 
10 Mass (m/z): 534 (M + -57). 

NMR (CDCI 3 ) 8: 0.60+0.08 (s+s, 6H), 0.87+0.88 (s+s, 9H), 1.2 to 1.4 (m, 15H), 2.9 to 3.1 (m, 2H), 3.3 to 

3.4 (m, 2H), 3.62 (t, 1 H, J=7.8Hz), 4.0 to 4.4 (m, 9H), 5.30+5.46 (d+d, 1 H, J=8.4Hz). 

(3) To 10 ml of tetrahydrofuran solution containing 0.78 g of the product obtained above were added drop- 
wise 0.21 ml of pyridine and 0.17 ml of thionyl chloride at -50 °C, and the mixture was stirred at -50 to 

15 -40 °C for 30 minutes. After the reaction mixture was diluted with ethyl acetate and washed, an organic 

layer was collected by separation. The organic layer was dried, and then the solvent was removed. The 
residue [(3S,4S)-3-[(R)-1-tert-butyldimethylsilylox 

bonyl}ethyl]-1-(1-chloro-1-ethoxycarbonylmethyl)-2-azetidinone] (0.8 g) was dissolved in dimethylforma- 
mide. To the solution was added 0.21 ml of triethylamine at -20 °C, and the mixture was stirred at -20 to 

20 0 °C for 1 hour. After 10 ml of ethyl acetate was added to the reaction mixture, the mixture was washed 

and an organic layer was collected by separation. After the organic layer was dried, the solvent was re- 
moved. The residue was purified by silica gel column chromatography (solvent; ethyl acetate: n-hexane = 
1:5) to obtain 0.20 g of ethyl (5R,6S,7S)-7-[(R)-1-tert-butyldimethylsilyloxyethyl]-5-methyl-4,8-dioxo-1- 
aza-3-thia-bicyclo[4.2.0]octan-2-carboxylate. 

25 IR (film) cnr 1 : 1779, 1745, 1690. 

Mass (m/z): 486 (MM 5), 344 (M + -57). 

NMR (CDCI3) 5: 0.08 (s, 3H), 0.10 (s, 3H), 0.87 (s. 9H), 1.20 (d, 3H, J=6.4Hz), 1.23 (d, 3H, J=6.8Hz), 2.92 
(dd, 1H, J=4.6Hz, 3.0Hz), 3.56 (quintet, 1H, J=6.8Hz), 4.1 to 4.3 (m, 1H), 4.29 (q, 2H, J=7.2Hz), 4.54 (dd, 
1H, J=3.0Hz), 5.79 (s, 1H). 

30 (4) In 1 ml of toluene were dissolved 20 mg of the product obtained above and 16 mg of triphenylphosphine, 

to the solution was added 7 mg of potassium tert-butoxide at -40 °C, and the mixture was stirred at -40 
to -20 °C for 30 minutes. To the reaction mixture was added a solution of 15 mg of diphenyl chlorophosphate 
dissolved in 0.5 ml of acetonitrile at the same temperature, and a temperature of the mixture was elevated 
gradually up to 0 °C. The reaction mixture was condensed, and the residue was purified by thin layer chro- 

35 matography (solvent; ethyl acetate: n-hexane = 1:4) to obtain 20 mg of ethyl (1R,5S,6S)-6-[(R)-1-tert-bu- 

tyldimethyisiiyloxyethyl]-2-diphenylphosphoryloxy-1-methylcarbapen-2-erri-3-carboxylate (an oily prod- 
uct). 

Mass (m/z): 601 (M + ), 544 (M + -57). 

NMR (CDCI3) 6: 0.06 (s, 6H), 0.87 (s, 9H), 1.1 to 1.3 (m, 9H), 3.23 (dd, 1H, J=6.2Hz, 3.0Hz), 3.3 to 3.5 (m, 
40 1H), 4.0 to 4.4 (m, 1H), 7.1 to 7.4 (m, 10H). 

Example 2 

(1) The corresponding compound was treated in the same manner as in Example 1 (2) to obtain (3S.4S)- 
45 3-[(R)-1-tert-butyldimethylsilyloxye^ 

hydroxy-1-p-nitrobenzyloxycarbonylmethyl)-2-azetidinone. 

NMR (CDCI3) 6: 0.0 to 0.10 (m, 6H), 0.86 (s, 9H), 1 .1 to 1.3 (m, 12H), 2.9 to 3.1 (m, 2H), 3.3 to 3.5 (m, 2H), 

3.5 to 3.7 (m, 1H), 4.0 to 4.5 (m, 7H), 5.3 to 5.6 (m, 3H), 7.5 to 7.6 (m, 2H), 8.2 to 8.3 (m, 2H). 

(2) The product obtained above was treated in the same manner as in Example 1 (3) to obtain p-nitrobenzyl 
50 (5R,6S,7S)-7-[(R)-1-tert-butyldimethy^ 

2-carboxylate. 

IR (film) cnr*: 1786, 1742, 1682. 
Mass (m/z): 451 (lvT-57). 

NMR (CDCI3) 5: 0.05 (s, 3H), 0.07 (s. 3H), 0.86 (s, 9H), 1.20 (d, 3H, J=6.2Hz), 1.22 (d, 3H, J=6.7Hz), 2.95 
55 (dd, 1H, J=4.6Hz, 3.0Hz), 3.49 (quintet, 3H, J=6.7Hz), 4.0 to 4.3 (m, 2H), 4.55 (dd, 1H, J=7.1Hz, 3.0Hz), 

5.31 and 5.37 (ABq, 2H, J=13.1Hz), 5.90 (s, 1H), 7.53 (d, 2H, J=8.8Hz), 8.26 (d, 2H, J=8.8Hz). 

(3) The product obtained above was treated in the same manner as in Example 1 (4) to obtain p-nitrobenzyl 
(1R.5S, 6S)-6-[(R)-1-tert-butyIdimethylsilyloxyethyi3-2-di phenyl phosphor yloxy-1 -met hylcarbapen-2-em- 
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3-carboxylate. 

NMR (CDCI 3 ) 8: 0.06 to 0.07 (m, 6H), 0.87 (s, 9H), 1.2 to 1.3 (m, 6H), 3.27 (dd, 1H, J=5.6Hz, 3.0Hz), 3.3 
to 3.6 (m, 1H), 4.1 to 4.3 (m, 2H), 5.23 and 5.34 (ABq, 2H, J=13.8Hz), 7.0 to 7.6 (m, 10H), 7.55 (d, 2H, 
J=8.8Hz), 8:13 (d, 2H, J=8.8Hz). 

5 

Example 3 

(1) In dichloromethane were dissolved 1.4 g of (3S,4S)-3-[(R)-1-tert-butyldimethylsllyloxyethyl]-4-[(1R)- 
1-{2,2-bis(ethoxycarbonyl)ethylthiocarbonyl}ethyl]-2-azetidinone and 0.64 g of pivaloyloxymethyloxalyl 

w chloride, to the solution were added 0.34 ml of 2,6-lutidine and 10 mg of N.N-dimethylaminopyridine under 

ice cooling, and the mixture was stirred at the same temperature for 30 minutes. To the reaction mixture 
were further added 0.64 g of (3S,4S)-3-[(R)-1-tert-butyldimethytsilyloxyethyl]-4-[(1R)-1-{2,2-bis(ethoxy- 
carbonyl)ethylthiocarbonyl}ethyl]-2-azetidinone and 0.34 ml of 2,6-lutidine, and the mixture was stirred for 
30 minutes. The reaction mixture was poured into 100 ml of a 0.1 M phosphate buffer (pH 7) and extracted 

15 with dichloromethane. After the extract was washed and dried, the solvent was removed under reduced 

pressure. The residue was purified by silica gel column chromatography (solvent; ethyl acetate: n-hexane 
= 1:4) to obtain 1.72 g of (3S,4S)-3-[(R)-1-tert- butyl dimethyls 
nyl)ethylthiocarbonyl}ethyl]-1-piva!oyloxymethyloxyoxalyl-2-azetidinone. 
IR (KBr) crrr 1 : 1809, 1752, 1732, 1701. 

20 Mass (m/z): 61 8 (lvT-57). 

NMR (CDCI 3 ) 8: 0.00 (s, 3H), 0.06 (s, 3H), 0.83 (s, 9H), 1.17 (d, 3H, J=6.4Hz), 1.23 (s, 9H), 1.28 (t f 6H, 
J=7.0Hz), 1 .29 (d, 3H, J=7.0Hz), 3.2 to 3.6 (m, 5H), 4.2 to 4.4 (m, 1H), 4.25 (q f 4H, J=7.0Hz), 4.4 to 4.5 
(m1H), 5.90 (s, 2H). 

(2) In a mixed solution of 10 ml of acetic acid and 10 ml of dichloromethane was dissolved 1.7 g of the 
25 product obtained above, to the solution was added 5 g of zinc under ice cooling, and the mixture was stirred 

for 30 minutes. In solubles were removed by filtration using celite, and the filtrate was removed under re- 
duced pressure. The residue was extracted with dichloromethane. Afterthe extract was washed and dried, 
the solvent was removed under reduced pressure. The residue was purified by silica column chromatog- 
raphy (solvent; ethyl acetate: n-hexane = 1:3) to obtain 1.52 g of (3S,4S)-3-[(R)-1-tert-butyldimethylsily- 
30 loxyethyl]-4-[(1R)-1-{2,2-bis(ethoxycarbonyl)ethylthiocarbonyl}ethyll-1-[1 -hydroxy- 1-(pivaloyloxymethylox- 

ycarbonyl)methyl]-2-azetidinone. 
Ir (KBr) crrr 1 : 3460, 1754, 1692. 
Mass (m/z) : 620 (M+-57). 

NMR (CDCI3) 8: 0.08 (s, 6H), 0.88 (s, 9H), 1.22 (s, 9H), 1.1 to 1.4 (m, 18H), 2.9 to 3.1 (m, 2H), 3.38 (dd, 
35 1H, J=2.4Hz, 7.4Hz), 3.61 (t, 1H, J=7.1Hz), 4.0 to 4.3 (m, 7H), 4.43 (d, 1H, J=8.8Hz), 5.30+5.52 (d+d, 1H, 

J=8.8Hz), 5.7 to 5.9 (m, 2H). 

(3) The product obtained above was treated in the same manner as in Example 1 (3) to obtain pivaloylox- 
ymethyl (5R,6S,7R)-[(R)-1-tert-butyldimethylsilyloxyethyl]-5-methyl-4,8-dioxo-1-aza-3-thia-bicyclo[4.2.0] 
octan-2-carboxylate. 

40 IR (KBr) crrr 1 : 1765, 1691. 

Mass (m/z) : 472 (MM 5), 430 (M + -57). 

NMR (CDCI3) 8: 0.06 (s, 3H), 0.88 (s, 3H), 0.87 (s, 9H), 1.21 (s, 9H), 1.1 to 1.3 (m, 6H), 2.9 to 3.0 (m, 1H), 
3.4 to 3.6 (m, 1H), 4.1 to 4.3 (m, 1H), 4.5 to 4.6 (m, 1H), 5.81 (d, 1H, J=5.2Hz), 5.83 (s, 1H), 5.91 (d, 1H, 
J=5.2Hz). 

45 (4) The product obtained above was treated in the same manner as in Example 1 (4) to obtain pivaloylox- 

ymethyl (1R,5S,6S)-6-[(R)-1-tert-butyldimethylsilyloxyethyl]-2-diphenylphosphoryloxy-1-methylcarbap- 
en-2-em- 3-carboxylate. 
Mass (m/z): 687 (M + ), 630 (M+-57). 

NMR (CDCI3) 8: 0.06 (s, 6H), 0.86 (s, 9H), 1.1 to 1.3 (m, 15H), 3.2 to 3.3 (m, 1H), 3.3 to 3.6 (m, 1H), 4.1 
50 to 4.3 (m, 2H), 5.79 (d, 2H J=1 .4Hz), 7.2 to 7.4 (m, 1 0H). 

Example 4 

(1) The corresponding compound was treated in the same manner as in Example 3 (1) to obtain (3S,4S)- 
55 3-[(R)-1-tert-butyldimethylsilyloxy^ 

butyryloxymethyloxyoxalyl-2-azetidinone. 
IR (film) crrr 1 : 1810, 1753, 1737, 1705. 
Mass (m/z) : 604 (M + -57). 
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NMR (CDCI 3 ) 8: 0.07 (s, 3H), 0.58 (s, 3H), 0.83 (s, 9H), 1.1 to 1.4 (m, 18H), 2.5 to 2.8 (m, 1H), 3.2 to 3.7 
(m, 5H) f 4.1 to 4.5 (m, 6H), 5.90 (s, 2H). 

(2) The product obtained above was treated in the same manner as in Example 3 (2) to obtain (3S,4S)-3- 
[(R)-1-tert-butyldimethylsilyioxyethyl]-4-[(1R)-1-{2,2-bis(ethoxycarbonyl)ethylthiocarbonyl}et 
5 hydroxy-1-(isobutyryloxymethyloxycarbonyl)methyl]-2-azetidinone. 
IR (KBr) cnr 1 : 3437, 1754, 1685. 
Mass (m/z) : 606 (M+-57). 

NMR (CDCI3) 8: 0.08 (s, 6H), 0.88 (s, 9H), 1.1 to 1.4 (m, 18H), 2.5 to 2.7 (m, 1H), 2.9 to 3.2 (m, 2H), 3.3 
to 3.5 (m, 2H), 3.5 to 3.7 (m, 1H). 4.0 to 4.5 (m, 7H), 5.3 to 5.6 (m, 1H), 5.7 to 6.0 (m, 2H). 
10 (3) The product obtained above was treated in the same manner as in Example 1 (3) to obtain isobutyry- 

loxymethyl (5R,6S,7S)-7-[(R>1-tert-buty1dimethyl 
octan-2-carboxylate. 
IR (KBr) cnrr 1 : 1766, 1691 1471. 
Mass (m/z) : 416(M+-57). 

15 NMR (CDCI3) 5: 0.06 (s t 3H), 0.08 (s, 3H), 0.87 (s, 9H), 1.1 to 1.3 (m, 12H), 2.61 (m, 1H), 2.93 (dd, 1h, 

J=3.0HZ), 4.8Hz), 4.23 (m, 1H), 4.55 (dd, 1H, J=2.9Hz, 7.2Hz), 5.82 (d, 1H, J=5.5Hz), 5.83 (s, 1H). 5.90 
(d, 1H, J=5Hz). 

(4) The product obtained above was treated in the same manner as in Example 1 (4) to obtain isobutyry- 
loxymethyl (1R,5S,6S)-6-[(R)-1-tert-butyldimethylsilyloxyethyl]-2-diphenylphosphoryloxy-1-methy1car- 
20 bapen-2-em-3-carboxylate. 

IR (film) cnr 1 : 1780, 1762, 1490. 
Mass (m/z) : 658 (M+-15), 616 (M+-57). 

NMR (CDCI3) 8: 0.06 (s, 6H), 0.87 (s, 9H), 1 .1 to 1 .3 (m, 1 2H), 2.55 (m f 1 H), 3.23 (dd, 1 H, J=2.9Hz f 6.2Hz), 
3.44 (m, 1 H), 4.0 to 4.6 (m, 1H), 7.2 to 7.5 (m, 1 0H). 

25 

Example 5 

(1) The corresponding compound was treated in the same manner as in Example 1 (2) to obtain (3S.4S)- 
3-[(R)-1-tert-butyldimethylsilyloxye^ 

30 hydroxy-1-allyloxycarbonylmethyl)-2-azetidinone. 

NMR (CDCI3) 6: 0.0 to 0.10 (m, 6H), 0.86 (s, 9H), 1.1 to 1.3 (m, 12H), 2.9 to 3.1 (m, 2H), 3.3 to 3.4 (m, 2H) 
3.5 to 3.7 (m, 1H), 4.0 to 4.5 (m, 7H), 4.6 to 4.8 (m, 2H), 5.2 to 5.6 (m, 3H), 5.9 to 6.1 (m, 1H). 

(2) The product obtained above was treated in the same manner as in Example 1 (3) to obtain ally! 
(5R t 6S,7S)-7-[(R)-1-tert-buty1dimet 

35 2-carboxylate. 

IR (film) crrr 1 : 1779, 1745, 1690. 
Mass (m/z) : 356 (M+-57). 

NMR (CDC! 3 ) 8: 0.63 (s, 3H), 078 (s, 3H). 0.87 (s, 9H), 1.21 (d, 3H, J=6.2Hz), 1.23 (d, 3H, J=6.7Hz), 2.93 
(dd, 1H, J=4.7, 2.9Hz), 3.55 (quintet, 1H, J=6.7Hz), 4.1 to 4.3 (m, 1H), 4.55 (dd, 1H, J=7.2, 2.9Hz). 4.6 to 
40 4.8 (m. 2H), 5.3 to 5.5 (m, 2H), 5.84 (s, 1H), 5.8 to 6.0 (m, 1H). 

Example 6 

(1) In 300 ml of tetrahydrofuran was suspended 4.5 g of (4R)-4-hydroxy-2-pyrrolidone, 23.4 g of triphenyl- 
45 phosphine was added thereto, and the mixture was stirred for 10 minutes. Subsequently, 14 ml of diethyl 

azodicarboxylate was added dropwise to the reaction mixture at -10 °C, and the mixture was stirred at the 
same temperature for 1 0 minutes. After 6.3 ml of thioacetic acid was added dropwise to the reaction mixture 
at -10 °C or lower, the mixture was stirred at the same temperature for 2 hours and the solvent was re- 
moved. The residue was crystallized from diisopropyl ether. After the crystals were removed by filtration, 
50 the filtrate was condensed under reduced pressure. The residue was purified by silica gel column chro- 

matography (solvent; chlorofornrethanol = 98.2) to obtain 3.8 g of (4S)-4-acetylt hio-2- pyrrol idone as an 
oily product. 

NMR (CD CI 3 ) 8: 2.29 (dd, 1H), 2.35 (s, 3H), 2.81 (dd, 1H), 3.31 (dd, 1H), 3.88 (dd, 1H), 4.10 to 4.23 (m, 
1H), 7.02 to 7.17 (b, 1H). 

55 (2) After a mixture of 4.8 g of the product obtained above, 100 ml of toluene and 6.1 g of La wesson's reagent 

(i.e. 2 t 4-bis(4-methoxyphenyl)-1,3-dithia-2,4-diphosphetan-2,4-disutfide) was refluxed under heating for 
15 minutes, the solvent was removed. The residue was purified by silica gel column chromatography (sol- 
vent: ch!oroform:ethyl acetate = 5:5) to obtain 3.6 g of (4S)-acetylthiopyrrolidin-2-thione as colorless nee- 
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die crystal. 

m.p.: 91 to 92 °C. 

[a]? -57.5° (c = 1 , methanol). 

(3) A mixture of 3.6 g of the product obtained above and 36 ml of a 16 % ammonia- methanol solution was 
5 stirred under ice cooling for 30 minutes. After the solvent was removed from the reaction mixture, 36 ml 

of toluene was added to the residue and the mixture was condensed to obtain 2.7 g of (4S)-4-mercapto- 
pyrrolidin-2-thione as a crude product. This product was used without purification in the next step. 

(4) In 1 ml of acetonitrile was dissolved 20 mg of pivaloyloxymethyl (1 R,5S,6S)-6-[(R)-1-tert-butyldime- 
thylsilyloxyethyl]-2-diphenylphosphoryloxy-1-methylcarbapen-2-em-3-carboxylate t 4.3 mg of (4S)-4-mer- 

10 captopyrrolidin-2-thione obtained in the above (3) and 4.1 mg of N,N-diisopropytethylamine were added 

thereto under nitrogen gas at -20 °C, and the mixture was stirred for 2 hours while gradually elevating a 
temperature thereof to 0 °C. The reaction mixture was poured into a 0.1M phosphate buffer (pH 7) and 
extracted with ethyl acetate. After the extract was washed and dried, the solvent was removed under re- 
duced pressure. The residue was purified by thin layer chromatography (solvent; ethyl acetate: n-hexane 

15 = 5:5) to obtain 7 mg of pivaloyloxymethyl (1R,5S,6S)-6-[(R)-1-tert-butyldimethylsiIyloxyethyl]-2-[(4R)- 

pyrrolidin-2-thion-4-ylthio]-1-methylcarbapen-2-em-3-carboxylate as colorless crystal, 
m.p.: 143 °C. 
Mass (m/z): 536 (M + -34). 

20 Example 7 

(1) In 10 ml of toluene were dissolved 500 mg of isobutyryloxymethyl (5R,6S t 7S)-7-[(R)-1-tert-butyldime- 
thylsilyloxymethyl]-5-methyl-4,8-dioxch1-aza-3-thia-bicyclo-[4.2.0]octan-2-carboxylate and 277 mg of tri- 
phenylphosphine, 130 mg of potassium tert-butoxide was added thereto under nitrogen gas at -40 °C while 

25 stirring, and the mixture was stirred at the same temperature for 50 minutes. To the reaction mixture was 

added dropwise 10 ml of acetonitrile solution containing 312 mg of diphenyl chlorophosphate at -40 °C, 
and the mixture was stirred for 40 minutes. To the reaction mixture were added 155 mg of (4S)-4-mercap- 
topyrrolidin-2-thione and 148 mg of diisopropylethylamine, and the mixture was stirred at -20 °C for 80 
minutes, and then at -5 °C for 1.5 hours. The reaction mixture was poured into a 0.1 M phosphate buffer 

30 (pH 7.0) and extracted with ethyl acetate. After the extract was washed and dried, the solvent was removed 

under reduced pressure. The residue was purified by silica gel column chromatography (solvent; n-hex- 
ane: ethyl acetate:chloroform = 5:5:1) to obtain 248 mg of isobutyryloxymethyl (1R.5S, 6S)-6-[(R)-1-tert- 
butyldimethylsilyloxyethyl)-2-[(4R)-pyrro^ 
m.p.: 142 °C (decomposed). 

35 IR (KBr) crrr 1 : 3347, 1 771 , 1 590. 1 537. 

(2) In 0.2 ml of tetrahydrofuran was dissolved 10 mg of the product obtained above, 0.006 ml of acetic acid 
and 0.072 ml of tetrahydrofuran solution containing 1M of tetrabutyl ammonium fluoride were added there- 
to, and the mixture was stirred at room temperature for 3 days. After the reaction mixture was diluted with 
ethyl acetate and then washed, an organic layer was collected by separation. After the organic layer was 

40 dried, the solvent was condensed under reduced pressure. The residue was purified by silica gel column 

chromatography (solvent; ethyl acetate) to obtain 5 mg of isobutyryloxymethyl (1R,5S,6S)-2-[(4R)-pyrro- 
lidine-2-thion-4-ylthio]-6-[(1R)-1-hydroxyethyl]-1-methylcarbapen-2-em-3-carboxylate as colorless nee- 
dle crystal, 
m.p.: 158 to 159 °C. 

45 

Reference example 1 

(1) A mixture of 80 g of diethyl malonate, 30 g of paraformaldehyde, 5 g of potassium acetate, 5 g of copper 
(II) acetate monohydrate and 200 ml of acetic acid was heated at 90 to 1 00 °C for 2 hours. Acetic acid was 

50 removed from the reaction mixture under reduced pressure, and the residue was evaporated under re- 

duced pressure to obtain 44 g of bis(ethoxycarbonyl)ethylene. 
b.p.: 90 to 93 °C (1.3 mmHg). 

(2) The product obtained above was added dropwise to 500 ml of tetrahydrofuran solution containing 22 
g of thioacetic acid and 500 mg of potassium thioacetate under ice cooling and stirring. The solvent was 

55 removed from the reaction mixture. After diethyl ether was added to the residue, the mixture was washed 

and dried and the solvent was removed. To the residue was added 2N hydrochloric acid-ethanol, and the 
mixture was stirred at room temperature for 14 hours. The solvent was removed from the reaction mixture, 
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and the residue was evaporated under reduced pressure to obtain 18.3 g of diethyl mercaptomethylma- 
lonate. 

b.p.: 78 to 82 °C (1 mmHg). 

1 H-NMR (CDCI 3 ) 5: 1.29 (t, 6H. J=7.1Hz). 1.73 (t, 1H, J=8.9Hz), 3.00 (dd, 2H f J=8.9Hz, 7.3Hz), 3.57 (t, 
5 1H, J=7.3Hz), 4.23 (q, 4H, J=7.1Hz). 

Reference example 2 

(1) To 425 g of isobutyryl chloride were added 850 mg of zinc chloride and 119 g of paraformaldehyde, 
10 and the mixture was heated at 90 to 100 °C for 8 hours. The reaction mixture was evaporated (three times), 

and the fractions having a boiling point of 120 to 130 °C were collected to obtain 311 g of chloromethyl 
i so but y rate. 

(2) In 4 I of acetone were dissolved 3.53 kg of monobenzyl oxalate-tetra n-butyl ammonium salt and 1.13 
kg of chloromethyl isobutyrate prepared in the above (1), and the solution was stirred overnight Acetone 

15 was removed from the reaction mixture under reduced pressure, and the residue was dissolved in ethyl 

acetate. After the solution was washed and dried, the solvent was removed to obtain 2.22 kg of benzyl i- 
sobutyloxymethyl oxalate (a pale yellowish oily product). 
IR(film) cm- 1 1754. 
Mass (m/z): 290 (M+). 

20 (3) In 200 ml of ethyl acetate was dissolved 28 g of the product obtained above, 5 g of 10 n palladium- 

carbon was added thereto, and the mixture was subjected to catalytic reduction under pressure for 8 hours. 
The catalyst was removed by filtration from the reaction mixture, and the filtrate was condensed to obtain 
18 g of monoisobutyryloxymethyl oxalate (a colorless oily product). 
IR(film) cnrr 1 : 1756. 

25 mass (m/z): 1 90 (IvT). 

(4) In 200 ml of methylene chloride was dissolved 26 g of the product obtained above, to the solution was 
added 17 g of oxalyl chloride, and the mixture was stirred at room temperature for 3 hours. The reaction 
mixture was condensed, and 50 ml of benzene was added to the residue and removed under reduced pres- 
sure (three times). Then, the residue was evaporated to obtain 15 g of oxalic acid chloride isobutyryloxy- 

30 methyl ester (a colorless oily product), 

b.p.: 78 to 80 °C (1 mmHg). 
IR (film) cm- 1 : 1768. 
mass (m/z): 208 (m + ). 

According to the process of the present invention, by using the novel compound 1-aza-3-thia-bicycloalk- 
35 ane compound (II) as a starting compound, the p-Iactam derivative (I) useful as a synthetic intermediate of 
carbapenem (or penem) type and cephem type antibacterial agents and the compound (IV) useful as an an- 
tibacterial agent can be prepared by simple and easy operations with good efficiency. 

For example, the process of the present invention has a characteristic that base treatment in the presence 
of the above desulfurizing agent and active esterification of the compound (II), and subsequent condensation 
40 reaction with the mercaptan compound (III) can be carried out in the same reactor. 

in a conventional process described in Japanese Provisional Patent Publication No. 123182/1982, when 
the compound (IV) in which the group represented by R 2 is an easily eliminatable ester residue such as iso- 
butyryloxy methyl group is prepared, if a corresponding starting compound in which R 2 is such an ester residue 
is used, there is a problem that said ester residue is eliminated during reaction operation. However, in the proc- 
45 ess of the present invention, the ester residue is not eliminated during reaction operation, so that the desired 
compound (IV) can be obtained with good efficiency. 

Further, the process of the present invention also has a characteristic that the process proceeds not 
through a diazo compound type intermediate used in the process described in Japanese Provisional Patent 
Publication No. 123182/1982, so that the process can be carried out without using an azide compound such 
50 as sulfonylazide which should be handled carefully. 

Furthermore, the carbapenem compound (IV-c) derived from the p-lactam derivative (I) of the present in- 
vention or a pharmacologically or pharmaceutical^ acceptable salt thereof is a novel compound having various 
extremely excellent characteristics as an antibacterial agent. 

For example, the compound (IV-c) or a pharmacologically acceptable salt thereof has an excellent anth 
55 bacterial activity to various microorganisms including gram-positive bacteria and gram-negative bacteria such 
as Escherichia, Staphylococcus and Pseudomonas, and also has a high antibacterial activity to pathogenic 
clinically separated strains. Thus, the compound (IV-c) or a pharmacologically acceptable salt thereof exhibits 
an excellent therapeutic effect on infectious diseases. 
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The compound (IV-c) has stronger antibacterial activities to Staphylococcus aureus. Staphylococcus epi- 
dermidis, Escherichia co//, Proteus vulgaris and Pseudomonas aeruginosa, 2-fold to 4-fold or more than those 
of the compound in which a substituent at 2-position is 2-oxopyrrolidin-4-yIthio group described in Japanese 
Provisional Patent Publication No. 49783/1990. 

5 Further, the compound (IV-c) or a pharmacologically acceptable salt thereof has an excellent characteristic 

of exhibiting higher stability to dehydropeptidase I by using 2-thioxopyrrolidin-4-ylthio group at 2-position of a 
1-methylcarbapenem skeleton. 

For example, the compound (IV-c) exhibits more excellent stability to dehydropeptidase I, by 2-fold or more 
as compared with the compound described in the above Japanese Provisional Patent Publication No. 

10 49783/1990. 

Also, the compound (IV-c) or a pharmacologically acceptable salt thereof has characteristics of having high 
oral absorption property and exhibiting a high therapeutic effect 

For example, when the compound (IV-c) is orally administered to a mouse infected with Staphylococcus 
aureus, a higher therapeutic effect by 2-fold to 8-fold is exhibited as compared with the case when the corn- 
is pound described in the above Japanese Provisional Patent Publication No. 49783/1990 is orally administered. 

Further, the compound (IV-c) or a pharmacologically acceptable salt thereof has high transition property 
to bile, and therefore is particularly available for biliary infections. 

Also, the compound (IV-c) or a pharmacologically acceptable salt thereof has low toxicity and has high 
safety as a medicine. 

20 

Claims 

1. A 1-aza-3-thia-bicycloaikane compound represented by the formula: 

25 



30 




(ID 



wherein R 1 represents a hydroxy-substituted lower alkyl group which may be protected or an amino group 
which may be protected; R 2 represents a hydrogen atom or an ester residue; X represents a methylene 
35 group, a methylene group substituted by a lower alkyl group, a sulfur atom or a group represented by the 

formula: -A-CH 2 - in which A represents a sulfur atom, an oxygen atom or a methylene group, 
or a salt thereof. 

2. The compound according to claim 1, wherein R 1 is a 1-hydroxyethyl group which may be protected, and 
40 X is an ethyl idene group. 

3. The compound according to claim 1, wherein R 1 is an amino group which may be protected, and X is a 
group represented by the formula: -S-CH 2 -, -0-CH 2 - or -CH2CH2-. 

4. The use of the 1 -aza-3-thia-bicycloaikane compound of any of claims 1 to 3 in a process for preparing a 
13 0-lactam compound represented by the formula: 



50 




wherein R 1 , R 2 and X have the same meanings as defined in any of claims 1 to 3, and in which Y represents 
either -OW with W representing an active ester residue of hydroxyl group, or -SR 4 wherein R 4 represents 
an organic group, 
or a salt thereof. 
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5. The use according to claim 4 for the production of a p-lactam compound represented by the formula: 




wherein the Y group of said 1-aza-3-thia-bicycloalkane compound is a W group and wherein R 1 , R 2 , X 
and W have the same meanings as defined in claim 4, wherein said process comprises the steps of treat- 
ing said 1-aza-3-thia-bicycloalkane compound of formula II in which R 1 , R 2 and X have the above said 
meanings and Y represents OW, or a salt thereof, with a base in the presence of a desulfurizing agent 
and then reacting the resulting compound with an active esterifying agent of hydroxyl group. 

6. The use according to claim 5, wherein R 1 is a 1-hydroxyethyl group which may be protected, and X is an 
ethylidene group. 

7. The use according to claim 5 or 6, wherein the treatment with a base is carried out by a base selected 
from the group consisting of an alkali metal alkoxide, an alkali metal amide, a tri-lower alkylamine and an 
aromatic amine in the presence of a desulfurizing agent selected from the group consisting of a triaryl- 
phosphine, a tri(lower alkyl)-phosphite, a tri-lower alkylphosphine, a tris(di-lower alkylamino)-phosphite 
and a bis(di-lower alkylamino-lower alkyl)-phosphite under cooling to at room temperature. 

8. The use according to claim 4 in combination with any of claims 5 to 7 for preparing a p-lactam compound 
represented by the formula: 




(IV) 



wherein R 4 represents an organic group; and R 1 , R 2 and X have the same meanings as defined in claim 
1, or a salt thereof, which further comprises subjecting the compound of formula: 




wherein R\ R 2 , X and W have the same meanings as defined in any of claims 5 to 7, to a condensation 
reaction with a mercaptan compound represented by the formula: 

R 4 -SH (III) 

wherein R 4 has the same meaning as defined above, or a salt thereof. 

9. The process according to claim 8, wherein the p-lactam compound represented by the formula (IV), when 
R 1 is a protected hydroxy-substituted lower alkyl group or a protected amino group and/or when R 2 is an 
ester residue, said protective group and/or ester residue is/are removed. 

10. The process according to claim 8, wherein R 1 is a 1-hydroxyethyl group which may be protected, X is an 
ethylidene group, and the compound (III) is a compound represented by the formula: 
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(Ill-a) 



wherein R 5 represents a hydrogen atom, a lower alkyl group, a lower alkoxy-lower alkyl group or a dHower 
alkyiamino lower alkyl group. 

10 11. The process according to claim 8, wherein the treatment with a base is carried out by a base selected 
from the group consisting of an alkali metal alkoxide, an alkali metal amide, a tri-lower alkyl amine and an 
aromatic amine in the presence of a desulfurizing agent selected from the group consisting of a triaryl- 
phosphine, a tri(lower alkyl)- phosphite, a tri-lower alkylphosphine, a tris(di-lower alkylamino)phosphite 
and a bis(di-lower alkyl am ino-lower alkyl)-phosphite under cooling to at room temperature. 
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